Background Physical job demands (PJD), age, disability and lifestyle may influence the risk of occupational injury.
Introduction
It is estimated that 100 million occupational injuries occur worldwide each year [1] . A wide range of physical job demands (PJD) (related to tasks, workplace environment, posture, materials used, etc.) affect workers in many different occupations [2, 3] and they are strongly associated with injury risk [3] . Although these job demands affect working people in a wide range of occupations, their impact has been little addressed, especially in large working populations.
In Europe, the increasing duration of working life is likely to result in more people working at older ages with potential diseases and disabilities [4, 5] , some of which are known to increase the risk of occupational injury [3, 6, 7] . Sensory and cognitive disabilities become more common with increasing age [4, 8] and have been found to influence mental health and intellectual functioning as well as injury rates [7, 9, 10] . While there is an association between cognitive function and physical function in healthy older adults [11] , cognitive impairment is associated with depression and dementia [8] and with an increased risk of falling [9] . By contrast, young adults (aged ,30) are known to be at higher risk of injury because of limited job knowledge and experience [12] .
In the last few decades, research has shown that individual factors such as smoking, alcohol use, obesity and fatigue as well as sleep disorders and poor heath status are associated with rates of occupational injury [3, 6, 7, 9, 13] . The impact of job demands and individual factors in affecting injury rates may differ between various age groups. The knowledge of these risk factors creates potential opportunities for preventive measures and injury reduction programmes which go beyond traditional methods, by considering the risks for various age groups.
The present study assessed the relationship of PJD, sex, obesity, smoking, alcohol abuse, sleep disorders, musculoskeletal disorders, other diseases and visual, hearing and cognitive disabilities with occupational injury rates for various age groups.
Methods
The sample consisted of all individuals aged $15 years from 8000 randomly selected households in northeastern France. Households were selected from those possessing a telephone. Before the survey, a campaign was conducted for 3 months with the help of the media (television, newspapers and radio) to make the population aware of the survey. The investigation had received ethical approval from the Commission Nationale de l'Informatique et des Libertés and written consent to participate was obtained from all subjects.
The study protocol involved (i) a request to complete a questionnaire to ascertain the number of eligible people in the household and (ii) the sending out of self-administered questionnaires with a covering letter and a prepaid envelope three times at 1-month intervals.
The questionnaires included questions on date of birth, height, weight, job (coded according to the Institut National de la Statistique et des Etudes Economiques classification [14] ), PJD, smoking habits, alcohol abuse (defined by at least one positive response to four items of the DETA (Diminuer, Entourage, Trop, Alcool) questionnaire which is the French version of the CAGE questionnaire [15] ), diseases diagnosed by a doctor, frequent use of sleeping pills, reported disabilities according to the World Health Organization international classification [16] and the occurrence of any occupational injury during the previous 2-year period. For disabilities, the following were considered: (i) sensory disabilities affecting vision and hearing and (ii) cognitive disabilities involving the following activities: (a) thinking, concentration and attention, (b) orientation, (c) problem solving and (d) memory. For each item, subjects were asked to Indicate the response which corresponds to your ability to undertake the following activities. Response options were as follows: without difficulty, with some difficulty, with a lot of difficulty or unable to undertake this activity.
In relation to PJD, 14 items were chosen: use of pneumatic tools, use of other vibrating hand tools, use of hammers, use of machine tools, work on vibrating platforms, manual handling tasks, awkward postures, high pace of work, work in adverse climate (wind, rain, snow, ice, etc.), physical workload, work at heights and workplace exposure to noise, cold or heat. Subjects were asked to indicate the level of demand in their work for each item in the period up until their last occupational injury (high or very high 5 1/absent, low or moderate 5 0). Each job demand reported contributed to the total PJD score (range 0-14) thereby quantifying the overall PJD. PJD scores were then divided into four categories: 0, 1, 2-3 and $4 (which ensured a sufficient number of subjects in each group for statistical analysis). Age was categorized into three groups: ,30, 30-44 and $45 and occupations were divided into seven categories: managers and professionals, manual workers, farmers/craftsmen/tradesmen, clerks, technicians, foremen/supervisors and others. Obesity was defined as body mass index $30 kg/m 2 . Injury was defined as damage to the body, of whatever severity, caused by a work accident with resulting sick leave of at least 1 day in addition to the day on which the accident occurred and for which the subject received compensation (sick pay or some additional payment). A 2-year period was chosen to obtain a sufficient number of injuries.
The relationships between injury rates and job demands, sex, obesity, smoking, alcohol abuse, use of sleeping pills, musculoskeletal disorders, other diseases, visual, hearing and cognitive disabilities and job category were assessed using the x2 independence test; the crude odds ratios (OR) and the adjusted OR(a) were calculated using logistic models.
Results
Of the 8000 households included in the sample, 193 (2%) mailings were lost due to incorrect addresses or death. Of the 7807 households contacted, 3460 (44%) participated, of which in 86% every eligible member of the family participated. In total, 6234 subjects filled in a questionnaire. After eliminating 18 individuals of unknown sex or age, a sample of 6216 subjects remained. The characteristics of the sample in respect of age and sex were close to those of the Lorraine population [17] ( Table 1 ). This study concerned only the 2888 individuals who were employed at the time of the survey.
The characteristics of the subjects are shown in Table 2 . In total, 9% of workers had at least one injury during the previous 2-year period. Forty per cent of subjects had a PJD score of 0, 27% had a score of 1, 21% a score of 2-3 and 12% a score of $4. Obesity, alcohol abuse, frequent use of sleeping pills, musculoskeletal disorders, other diseases and hearing, visual and cognitive disabilities were more common among older workers. Smoking was more common among the younger workers. There was an exposure-response relationship between the PJD score and injury and this was generally stronger for the older workers. The crude OR for PJD $4 versus PJD 5 0 was 6.5 [95% confidence interval (CI) 5 2.9-14.1] for the subjects aged ,30, 9.9 (5.7-17.5) for those aged 30-44 and 14.5 (6.5-32.2) for those aged $45. Being male, smoking and abusing alcohol were associated with a higher risk of injury for all age groups. Having a musculoskeletal disorder was associated with a 3.5-fold higher injury risk for subjects aged $45 and a 2-fold higher risk for those aged ,30 or 30-44. Hearing and cognitive disabilities were associated with injury rates only in the 30-44 age group. Manual workers, farmers/craftsmen/tradesmen, clerks and technicians had a higher injury risk among subjects aged 30-44 or $45 whereas foremen/supervisors had a higher risk among those aged ,30 or 30-44. Table 3 shows the OR(a) for all factors considered. An exposure-response relationship between the PJD score and injury was present for all age groups, but the risk as- 
Discussion
We found our measure of the subjects' PJD was more strongly related to occupational injury rates among workers aged $45 than among younger workers and also that the relationship between injury risk and lifestyle factors differed between the age groups studied.
The study has several strengths, principally that it assessed the influence of a large number of factors and that Comparison between the distributions of the variable for the three age groups.
*P , 0.05, **P , 0.01, ***P , 0.001.
it covered a substantial general population sample. The participation rate was similar to that achieved for other postal surveys in France [18] [19] [20] [21] . The annual incidence rate of injury reported by the study sample was close to that for the French general health insurance scheme and to that for the Lorraine working population (4%) [22] . All the factors studied have been validated and used in other studies [3, 6, 9, 13, 15] . The lifestyle factors studied were present in the period of time leading up to the injury occurring which justifies examining their relationship with injury rates. The job demands chosen were those which not only commonly feature among working activities but also influence fatigue, psychosomatic disorders, injury and disabilities [3, 22, 23] . We consider the PJD assessment to be appropriate as a global exposure index easily applied in surveys of substantial general population samples. As each item affects workers differently according to their physical and mental characteristics, we consider subjects' reports of the demands they habitually experienced as a result of these exposures to be an appropriate measure of sustained job demands. This study reveals that the risk of injury was higher for workers aged $45 than for those aged ,30 or 30-44 and that the risk was twice as high for workers with the highest reported PJD. This finding was expected as older subjects have decreased physical strength [5] and a markedly increased prevalence of various physical and mental impairments (in the 45 and over age group, .30% of subjects reported having at least one such impairment and a number of them had several) [4, 9] . The role of various job demands in influencing injury risk has been explored in a previous study [3] . High work demands can generate fatigue and exacerbate disability [3, 23] , thereby increasing the risk of injury [3, 9, 13] . Our results indicate that exposure to an increasing number of PJD generates an increasing injury risk [2, 3] especially for workers aged $45. One could postulate that the incidence of workplace injury may increase in years to come as a result of the anticipated extension of working life. This may become a major issue for the European Union and other countries and therefore preventive measures to reduce hazards and to match jobs to the ability of older workers and others with impaired functional capabilities may be needed.
Another important finding in our study is that the role of individual factors in influencing occupational injury rates differed greatly between the age groups. Smoking gives rise to a number of diseases and to sleep disorders and affects neuromuscular and other physical functions [24] . In our study, smoking was associated with increased injury rates for all age groups in univariate analysis, but the association was significant in only two age groups (,30 and 45 and over) when adjusting for all factors studied. The lack of a significant association in the 30-44 age group may possibly be explained by factors such as workers in this age group being more experienced compared to the ,30s and having a generally better health status compared to workers aged 45 and over. Alcohol abuse was found to be associated with a higher injury risk in univariate analysis but not in multivariate analysis. Indeed, its crude OR became non-significant when adjusting for PJD, smoking and gender. In the literature, the role of alcohol use in injury is well known [13] . Alcohol is causally related to a number of medical conditions and disabilities [25] and impairs the vestibuloocular reflex and consequently balance control [26] .
Obesity was more common among older workers than among younger ones and was associated with a 2.7-fold increased injury risk for subjects aged $45. Obesity is associated with a number of diseases (including depression), social and employment discrimination and impaired work capability [27] . Obese workers are at greater risk of falls requiring prolonged sick leave [13] and of injury in environments with high ergonomic demands [28] . Musculoskeletal disorders were risk factors for injury in all age groups, and this was most pronounced for workers aged $45.
Hearing and cognitive impairments were found to be risk factors for injury in univariate analysis but not in multivariate analysis. Hearing disability may be a risk factor for injuries by preventing the affected individual from hearing various sounds or warning messages in the workplace. Cognitive disability may impair thinking, concentration, attention, orientation, problem solving or memory. Both hearing and cognitive disabilities have been reported as risk factors for falls [9] . Disabilities limiting work activities have also been reported as risk factors for injury (after adjusting for occupation, selfemployment and age) among participants in the United States National Health Interview Survey of working -people [7] .
This study found that manual workers, farmers/craftsmen/tradesmen, foremen/supervisors and to a lesser extent clerks and technicians had higher injury risks than managers and professionals. The study also revealed that occupational injury risk in general is higher among older workers. Workers with lower socio-economic status generally have the most physically demanding jobs, poorer health status and associated disabilities and are more likely to be smokers or heavy alcohol users [4, 9, 29] .
Our study has a number of limitations. First, it was a cross-sectional and self-reported study. This limits the conclusions which can be drawn regarding causeeffect relationships. Job demands were those reported by the subjects and were not otherwise confirmed or quantified. Many hazards, for example chemical hazards, dust, etc. which may have influenced injury risk, were not considered. Second, the study used a self-administered questionnaire. Thus, the interpretation of the results needs caution, particularly because of the presence of possible selection bias. However, self-administered questionnaires of this kind are reliable and valid [30] . The use of a self-administered questionnaire is appropriate for assessing disabilities as consequences of diseases or ageing [17] , and self-assessment of memory and hearing disorders has been shown to be valid in other studies [31, 32] .
In conclusion, this study found that PJD had a stronger association with injury rates among workers aged $45 than among younger workers and that obesity, smoking and having musculoskeletal disorders were the most important risk factors for injury among workers in this age group. In workers aged ,30, smoking was the factor which appeared to influence injury rates most. Efforts to prevent injury should therefore be directed at reducing PJD, especially for older workers. In light of our findings, efforts to prevent disease and promote health by addressing issues such as obesity, smoking, alcohol use and optimum use of health care may also yield benefits in terms of reduction in the rates of workplace injury. Appropriately, targeted workplace interventions may provide opportunities to reduce not only the risk of disease associated with working conditions but also the risk of workplace injury.
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